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ABSTRACT 


The conventional method of preparing cermets involve mixing 
of metal and oxide powders fallowed by compaction and sintering at 
elevated temperature with or without application of external 
pressure. In the present study reactive hot pressing is being 
utilized where the ingredients are transition metal (Fe ) oxide, 
A1 , Ni and / or both Ni and Cr metal powders. The process 
utilizes the exothermic heat generated during hot pressing to 
enhance atomic diffusion, thus enabling the fast and intimate 
sintering of samples. However, the heat generated for a 

stoichiometric composition is so large that it may melt and deform 

the samples.. This necessitates the addition of excess metal to 
dilute the heating effect. The process is being tried for the 

first time and the product material may find its application in 

rock drilling, rocket nozzle cones etc. The rod-milled powders 
were characterized with respect to particle size analysis. 
Differential Thermal Analysis (DTA) . The hot pressed pellets were 
characterized with respect to phase studies and crystallites size 
by XRD, fractographic microstructure by SEM, Mechanical properties 
(e.g. indentation hardness, three point bending strength), 
magnetization behaviour and curie temperautre. 
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CHAPTER 1 

INTRODUCTION AND LITERATURE REVIEW 


i 


Abstract : This chapter mainly reviews the thermite process 
and application, as our aim of the present studyM to synthesize 
cermet composites based on exothermic reaction. The related 
subjects where this process can be used are also covered. These 
are mainly the literature review of thermite reaction, the 
cermets, the history of cutting tool, the sintering aspects and 
the statement of the problem. 

1 . 1 INTRODUCTI OH 

In 1900 H. Goldschimdt (1) in Germany performed the alumino 
thermic reductions, also named 'Thermite reactions was implemented 
for the production of Chromium, T an talurm, niobium and other 
reactive metals from their respective oxides and for the onsite 
welding of steel rails. The production of uranium from Uf ^ using 
magnesium also resembles the thermite reactions based on aluminium 
as the reductant. In recent past lot of works have been done by 
exploiting the thermite reaction principle on coating, composite 
fabrication, powder preparation, explosives etc. But in our 
present carte we are interested only the processing of composite 
fabrication . 

Yokhama * C23 have studied the self propagating high 
temperature synthesis ( thermite ) cent r i fugat ion process in the 
preparation of large ceramic composite pipes and practical 
application of the pipes. 

Guisppe et al . C31 have studied the powder metallurgy 
development of the sintering of Niobium tantalum (NbTa) powders 
from aluminothermic reduction product (ATR). These powders have 
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low production costs, procuring data are given as well as the 
behaviour of the compacts during sintering. Particular emphases 
is put on sintering parameters, linear shrinkage and specific 
surface area reduction as well as the analogy of the surface 
morphology changes. 

Yamada et al. C41 have studied a new process for 
in termetal 1 ic compounds was developed by combining the thermite 
reaction and the combustion synthesis reaction. The process 
enables to produce many compounds. Such as Ni-Ti, Ni-Al and Fe-Al 
from mixed reactants of metal oxide, metal and/or Semi-metal 
without external heat supply . In the case of 

6 NiO + 8 Ni >14 NiAl + 2 A1 Q * * 

+ mi 

The combustion temperature exceeds the mp. of both products and 
the fired NiAl is solidified. Separated from Al^O^ due to the 
density difference. This new process could be introduced for 
casting of intermetal 1 ic and ceramic composites. 

Odawara C53 have studied the combustion synthesis on 

the Fe-Al^O^. composite material by thermite process, thermite 
reaction propagation, residual stress in composite materials, 
manufacture of composite products and composite pipes. 

Odawara,'. ' : ' , C63 has studied the characteristics and 

" J 

development of centrifugal thermite process for fabrication of 
composite structured pipe. 

3M. 0 + 2A1 »■ Al^+ 3M<M = Metal) 

Propagation of the thermite reaction and preparation of 
ceramic-ceramic composite - structured pipe by means of the 
centrifugal thermite process. 


3Mo + 2A1 ■+• 3C ( or B) 


Al 0 + 3 MC (or MB) 

2 3 
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Residual stress distribution of the pipe is also analyzed. 

Takeda et al. E73 have studied the fabrication process of 
sintered ceramic materials using heat of thermite reaction and 
control of their microst rue ture . The thermochemistry of the 
thermite reactions, the use of the heat of the thermite reactions 
to sinter ceramic materials, the control of microst ructure of 
materials densified by thermite - reaction assisted sintering 
under high pressure and the application of the process to 
fabrication of TiB^ and Si^N^ are discussed. Microst ructural 
character ist ics of the sintered materials in relation to their 
process condition and applications of the ceramic coating 
preparation (e.g. SiC - TiB^ ~ NiB etc.) are also discussed. 

Odawara C83 have studied the metal - ceramic composite 
pipes produced by a centrifugal thermite process. Long sized 
metal - ceramic composites (Fe-Al^O^* pipes were produced by using 
a thermite reaction that takes place under the influence of 
centrifugal force. The most important factors that make the 
production of long composite pipes possibly are the 
charac t e r is t ics of thermite reaction propagation. When the 
reaction is applied to a hollow body, it propagates along the 
inner surface first and subsequently into the layer of the 
reactant. By igniting only a part of the reactant, the thermal 
reaction, rapidly proceeds along the inner surface of the hollow 
body formed by centrifugal force , and then into the layer 
simultaneously in the radial direction. The behavior results in 
the production of long composite pipes of homogeneous quality in 
the longitudinal direction. The process is discussed with 
particular reference to the propagation mechanism of the thermite 
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reaction . 

Filatov et al. C93 have studied the effect of intermetal 1 ic 
reactions on combination of nickel - a lum in lum rmi tes . 

Zhukov,, f.,u £® ’ et al. C101 have studied the preparation of 
cast tool steels by combination of thermite mixtures. The 

thermite mixtures consisting of Fe^O^, WO^, Al and Carbon black 
are developed for preparation of liquid tool steel and allays such 
as Rjg and bonded WC. The steel bonded carbide contain 50-60*/. 

high speed steel matrix and hence the vickers hardness 1100. 

Tada et al. C113 have studied the thermite reaction and 
mechanical properties of mechanically alloyed aluminium-metallic 
oxide composites. The thermite reaction and its use in dispersion 
strengthening of Al was studied in mechanical alloyed Al-Fe^O^, 
powder Al-Cr^O^ and Al- MoO^. system. DTA shows that the thermite 
reaction occurs in Al-Fe^O^ at > 610°C, where as the reaction is 
not observed in Al - Cr^O^ or Al - MoCLj at temperature upto 
melting point of Al (660°C). Dispersion strengthening by thermite 
reaction products is studied in extrudates of the mechanical 
alloyed Al-Fe^O^ powder. Annealing > 610°C increases in hardness 
and termite strength. The thermite reaction in mechanical alloyed 
Al- metallic oxide composites is applicable for dispersion 
strengthening of Al for elevated temperature, services. 

Yamazaki C123 have studied the thermite process for 

metal composite preparation. Between an Fe— ox ide— base thermite 
composition and heating material layers^ graph i te or an amorphous C 
based materials is inserted and then the composite is ignited 
during pressing. Thus in an pyrophyllite - lined die cavity, a 
Cu-disk (22 mm diam and 3 mm thick) a WC-6V. Co compact disc of 
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6.25 g wt amorphous C 0.6 g, 1 . 8g of 2:3 mole ratio Fe^O-^ and Si 
thermite mixture and 25 g of 1:2 mole ratio Fe^^ and A1 thermite 
were inserted. The composite was pressed and ignited to prepare a 
Cu and WC-Co composite. 

Odawara ' %, L 133 have studied the joining of metals to 
ceramics by self-propagating exothermic reaction, centrifugal 
thermite method. They have outlined the principles of. joining of 
metals to ceramics by the centrifugal thermite method. Thermite 
characteristics of the ceramic (inner) - metal (outer) composite 
tube produced by the centrifugal thermite method under a 
centrifugal force of 100 - 200 g are also discussed. 

Sata Nubwhiro et al. C143 have studied the ceramic lining of 
metal pipes by thermite process. In this process the metal tubes 
are cooled from the outside during the reaction. By the cooling 
treatment, pipes of low melting point, metals can be lined with 
ceramics. Thus, a brass pipe (id 35.5, length 1.20, wall thickness 
4 mm) was packed with mixture comprising 34 g Al and 109g Fe 0. 
and the packing was ignited while the pipe was water cooled to 
form 3 mm thick ceramic layer. 

Sata Nobwhiro et al . C153 have studied the ceramic lining of 
long steel tube by thermite process. A ceramic layer is formed on 
the inner wall of a long metal tube by packing a powder mixture of 
Al and Fe^O^ into the tube heating the top of packing to initiate 
the thermite reaction while cooling the tube from outside, 
repeating the coating process at least twice to join together the 
coating layers. Thus a graphite saucer was inserted in a C steel 
tube and a mixture of 195 g Al and 627 g Fe^O^. was packed into the 
top part of the tube and ignited while the tube was cooled from 
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the outside. The same cooling operation was repeated for the rest 
of the tube to complete the ceramic lining. 

Sata Nobuhiro et al. C163 have studied the ceramic lining of 
steel tubes by thermite process. In lining of steel tubes with 
ceramics by thermite process, an oxide film is performed on the 
tubes to increase bonding strength. The a C steel was annealed at 
800°C for 0.5 h to form a 100 — /um Fe oxide layer packed with a 
mixture comprising 117 g Al and 376 g Fe^Q^ and the top of the 
backing was ignited to initiate the thermite reaction and form a 
ceramic layer. The ceramic lined tube showed compressive shear 
stress 3.8 MPa. 

Sata Nobuhiro et al. C173 have studied the ceramic coating 
on the inner wall of metal tube by thermite process. A ceramic 
layer is farmed on the inner wall of a metal tube packing a powder 
mixtures of Al and Fe^O^ and/ or Fe^O^ into the tube, heating the 
top of the packing to initiate the thermite reaction and forming a 
thick ceramic layer from the resulting molten metal on the inner 
wall under control for the tube position. To the powder 
Al-Fe^O^-Fe^O^ 1-20 wt.% additive from Mg, Al , Si, Ca, Ti, Cr, Fe, 
Ni , Cu, Zr their allays and compounds are added to control the 
thickness and improve the character ist ics of the ceramic layer. 
Thus Al 47, Fe-^0^ 177, Fe^O^ 30 and SiO^ were mixed, press 
compacted into a C steel tube and the top of packing was ignited 
by a nichrome wire to initiate the reaction. The reaction slowly 
progressed from the top to the bottom of the tube to form a 2 mm 
thick ceramic layer (ot-Al^o-^-FeAl^O^) * 

Sata Nobuhiro et al . C183 have studied the ceramic lining of 
steel tubes by thermite process. In ceramic lining by thermite 
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process a partitioning mixture from thick paper wood and powder 
graphite is used as a marking layer. Thus a hole of 30 mm 
diameter m the wall of a C steel tube was covered with 5 mm 
thick paper board layer and thermite mixture of 140g powder A1 and 
460 g Fe^O^ was compacted into the tube. In the thermite reaction 
a ceramic layer was formed only on the unmarked inner wall of the 
tube . 

Filatov, V. M. et al« C193 have studied the thermodynamic 
analysis of the combustion of the low gas system with a redox 
stage. An algorithm is proposed for the thermodynamics and of the 
combination of Al-Ni-NiO thermites by taking into account the 
formation of aluminides. The adiabatic temperature (Tad) and 
equilibrium concentration of combustion products were calculated 
as a function of the ratio of the initial components. Maximum Tad 
(3140 k) which coincides with the boiling point of Ni was attained 
in the combustion of a stoichiometr ic 2 A1 + 3 NiO mixtures. The 
possibility was proven for the formation of AlNi^, AINi and Al^Ni 
is the combustion wave depending -on the (Tad) and composition of 
the initial mixture. 

Odawareu et al . C20 3 have studied the manufacture of composite 
pipes. Thin walled steel pipes ( wall thickness < 3 mm) are lined 
with ceramics by thermite reaction. The amount of thermite is 
determined by the pipe dimensions. Thus thermite mixture 
containing 15Kg Fe oxide and 5 Kg Al was coated on the inner wall 
of a steel pipe having diameter 165.2 mm, wall thickness 2.0 mm 
and length 1430mm. Reaction of thermite was initiated as the pipe 
was revolved about its axis at 100 g. A ceramic lining was formed 


without cracked and showed uniform thickness. 
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Ddawara et al. C211 have studied the manufacture of composite 

pipes by thermite reaction on the inner wall of a pipe under 

centrifugal rotation. Thermite mixt contains Fe oxide and Al in 

theoretical ratio with the addition of powder Si^N^ and/or SiC at 

1.5-4% of Si. Thus a thermite mixture containing Fe^O.^ 1420, Al 

480 and Si^N^ lOOg was uniformly coated on the inner wall of a 

steel pipe having outside diam 101.6, wall thickness 42 and length 

250 mm. Thermite reaction was initiated in the coated pipe at 

1400-1500 r.p.m. Ceramic lining 4 mm thick was formed on the 

inner wall. The lining containing A^O^ 87.9, SiO^ 76 and FeO 

4.5%) showed porosity of 2,4%, vickers hardness 1250 and bending 

2 

strength 1430 Kg/cm corrosion loss 20% (in 10% H^SO^ ) of a 
similarly formed lining from thermite mixture containing Fe^O^ 
1390, Al 470 and Si0 2 140g. 

Ogata Masasu , C223 have manufactured ceramic metal 

joined body. The metal ceramic joining body is prepared by 
forming a ceramic powder layer and a thermite layer on the surface 
of a metal body and forming a ceramic sintered layer by firing the 
thermite layer under pressure. A ceramic layer from Sic powder 
with addition of 0.5 wt% graphite powder as the sintering aid was 
farmed an the surface of a Ni plate, thjtn a thermite layer from Al 
and Fe„0_ at mole ratio 2:1 was formed on the top of the ceramic 
layers. The resulting Ni plate was kept at 1 GPa and the thermite 
layer was ignited by passing electric current through a Mo wire. 
After firing for 2 minutes a ceramic sintered layor was strongly 
bonded on the Ni plate- 

Takeda et al. C231 have manufactured Silicon nitride sinter 
of high hardness and density. A high hardness, high density Si 3 N^ 
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sintered body is manufactured by packing a thermite reaction. 
Composition containing A1 or Si and F e 0^ together with a Si N 
molding in an ultra high pr-gene rat ion apparatus at > IGpa, pre 
sintering the molding by the thermite reaction and sintering for 
5-30 minutes at 1600-2000° and > IGpa. Thus a Si-^N^ sintered body 
manufactured by the present method using a 2:1 (by mole) Al-Fe^O-^ 
mixt as the thermite reaction composition had relative density 
98-99% and hardness 1800-2100 Kg/mm 2 . 

Odawara et al. C241 have studied the lining of steel pipe 
with a metal layer and ceramic layer by a centrifugal thermite 
process. A po't"tion of Fe^O^ or Fe^Q^ in the thermite mixture is 
replaced with Cr^O^, MnO and/or MnO^ which are not readily 
reducible. A steel pipe (diameter 101. 6, thickness 4.2, length 
250 mm) was filled with a thermite mixture. Containing Fe^O-j 
1076, Cr^CLj 256, Al 512 and SiO^ 36 g and then ignited while 
rotating to form a ceramic layer containing 51% FeO. 

Odawara et al . C253 have lined a metal pipe with a thermite 
mixture containing a metal reducing agent and metal oxides and the 
pipe is axially rotated and ignited to form a metal a metal layer 
and a SiO^B^O^-based ceramic layer. A 165.2 mm diam and 1500 mm 
long steel pipe was rotated at 1200 rpm and SiO^-B^O.^ mixture 2kg, 
and Al 4.8Kg were charged in the pipe and ignited. The resulting 
liner had 5mm thick metal and 4mm thick Al20^-Si02~B20-j ceramic 
layer. 

Sata Nobuhiro C261 has studied the fabrication of plate-or 
tubular form ceramic materials by thermite reaction. A metal 
plate or metal pipe for cooling purpose is arranged inside a 
hollow body and a powder mixt containing a strongly reducing 
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element and metal oxide (S) is press compacted at a packing 
density of >1.0g/cm^ into the hollow body or metal pipe. Then the 
packed material is heated from its top and the reaction proceeds 
from the top to bottom while melted material is always contacted 
with the cooling metal surface to form a ceramic layer between the 
surface of molten material and the cooling material. It is then 
coaled and the ceramic layer is separated to give a ceramic part. 
Thus a spin&l pipe with uniform thickness was manufactured from an 
A 1 -Fe^O^-tlgO mixture by the present method. 

Park. J. H. et al . C271 have synthesized sialon by using 
ceramic raw material. A mixture of opalit (amorphous SiO^) and Al 
powder was electrically ignited and the resulting material was 
used to prepare sialon powder. The phases in samples nitrided at 
1400 - 1600°C were ft sialon * 15 R - Sialon* A 1^0^ and AIN. Only ft 
— sialon and 15 R-Sialon were present after heating at 1750°C for 
3 hr in 1 atm. 

Ogata et al . 1283 have studied the sintering process of 
metal/or ceramic mixt which is reacted under pressure by a 
thermite reaction* and a cubic BN (CBN) and/or Ta product is 
placed between the sintering mixt and thermite as a shield. The 
ceramic is TiB^> ZrB^ or Hf « Thus a 7g < 325 mesh TiB^ was 
compacted to a 22 mm. disk* which was then sandwiched between two 
1:2 Fe^O^-Al mix* disks after placing a CBN Shield between the 
TiB^ and thermite disk. The thermi te-CBN-TiB^-CBN- thermi te 
composite was placed in a CBN anvil cylinder with a pyrophyllite 
gasket. The anvils were pressed to 20*222atm and the thermite 
spontaneously ignited and the temp rose to 2590. The product was 
electrically conductive and had > 99V* relative density which could 
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not be achieved by a simple sintering method. 

2 

of the product was 4100 Kg/mm . The products are used for tools, 
weai resistant materials, neutron shields etc. This method 
enables to prepare a high m.p. material with grain coarsening in a 
short period of time and with use of a small amount of energy. 

Odawara et al. C293 have studied the ceramic lined composite 
pipes. A molten metal and molten ceramic layers were formed on 
the inside of a metal pipe in a centrifugal force field by a 
thermite process and the thermite mixture contained a highly 
oxidizing compound and a dense ceramic layer. Thus steel pipes of 
93.2mm inside diam and 250 mm long were filled with a thermite 
mixt while rotating the pipes at 1500-1600 r.p.m. 

Thermite mixture contained Fe^O^ 1*297, Al 0.438, Mg 0.065 
and SiO^ 0.090 Kg. The resulting ceramic contained Al^O^ 82, SiO^ 
5, FeO 3 and MgO 10*/.. 

Sisman is et al. C303 have studied the dissolution of micro 
exothermic alloying addition to cast iron. Cast iron melt is 
alloyed by ferro alloy powder mixed with Si in proportion to 
provide an exothermic reaction and filled into a cast iron 
cylinder made from sorel metal. . The conventional alloying 
elements have either lower ( Sn , Sb , Cu, Mn , Si) or higher (Cr, 
Mo, V, Nb> m.p than the temperature of the cast iron melt. Powder 
Fe-Mo {' v 65*/. ) Fe-Cr (65.73*/.) and Fe-Nb (~65*/,) were mixed with ~ 98*/. 
purity. Si briqueted in sorel metal containing C 4.3, Si 0.18, 
balance Fe with traces of GP and S. The dissolution and alloying 
with the powder mixt of the cast iron melt are enhanced, resulting 
in improved alloying efficiency and more uniform properties due to 
the heat released by the formation of intermetal 1 ies , 


coin &d 
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microexothermicity, as colmpare^to the conventional ferro alloy 
lumps . 

Gehrman et al . C313 have studied the vacuum centrifugal 
thermite process for producing ceramic lined pipes. A vacuum 
centrifugal thermite process was used to prepare ceramic lined 
pipes rapidly. The ceramic layer was dense and the grain size was 
smaller than that produced under atm. pressure, resulting in 
improved mechanical properties. 

Merzhanov A. G. et al. C323 have developed multilayer shell 
investment molds. To increase tightness and high temperature 
strength a protective coating is provided for the shell mold 
exterior . The coating is a thermite mixt consisting of CaCr0 4 , 
MgCrQ^, CaCr^O., or PbCrQ^- 43-73.6*/., Al , Ti, Zr, Mg, Ca, Si or y 
as a reducing metal-6. 4-24*/, . Synthetic pitch 0.6-1*/, and a solvent 
19.4-32.0%. The coating thickness is 0.4-1 of mold wall 
thickness. After drying the thermite mixt is ignited. 

Odawara et al. C333 have studied the additives for thermite 
enameling agents for metal tubes SiO^ is used as an additive for 
thermite agents for enameling on the inside wall of metal oxide 
tubes by ignition of repeated coating layers of the agent, to form 
metal— cer am i c layers. (Addition of SiO^ towards inner layers were 
increased on the outer layer). Thus a steel pipe outer diameter 
lOl . 6mm, thickness 4.2 mm and length 250 mm) was rotated around 
its axis at 500 r.p.m. spray coated internally with 1.3 Kg 
thermite containing 30 wt*/ Si0 2 , then with 0.5 Kg containing 5 wt*/. 
Si0 2 ignited with its inner layers for thermite reaction and 
cooled. The surface tifcps smooth and solid without porosity. 

Odawara et al. C343 have studied the character ist ics 
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of thermite reaction in a centrifugal thermite process by 
measuring propagation patterns of reaction in the pipes with 
various powder densities and shapes. The propagation patterns of 
reaction in a centrifugal thermite process are also measured by 
means of a radio telemeter technique. The propagation rate of the 
termite reaction is inversely proportional to the thermite powder 
density. If the reaction is applied to a hollow body, it 
propagates along the inner surface fast and then into the layer of 
the reactant subsequently. The hollow body first and then into 
the layer in the radical direction, resulting in producing the 
composite pipes of homogeneous quality. 

Janikti * £351 have reviewed the development of 
a lumi no thermic welding technology in the building industry. It 
consists of the principal and operating procedures for a lumi no 
thermic (AT ) welding by a mi x t of A1 and Fe^O-^ with emphasis on 
joining of concrete reinforcement have been discussed. 

Agency of Industrial Science and Technology Kubota Ltd., and 
Mitsubishi Mining and Cement Co. Ltd. Japan Kokai Tokkyo Koho have 
studied C36D the formation of acid resistant ceramic layer on the 
inner surface of concrete pipes. A . powder mixture of strongly 
reducing element and metal oxide is packed into a porous concrete 
pipes and ignited while rotating to form acid - resistant ceramic 
layer. Thus a concrete pipe (porosity 3.5V«, inner diameter 140, 
pipe length 200 mm) was packed with A1 140 and Fe 3 0 4 460g rotated 
and ignited to form a 2—3 mm thick acid-resistant ceramic layer. 

Feichtinger et all £3^3 have studied the powder materials for 
oxidation and heat resistant layers, linings and shape bodies and 
apparatus for applying this material. 


A powdered 


m i x ture 
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consisting of a thermite containing A1 5-22’/, KNnG 4 3-16% and NaNOj 
2-12% and filler containing SiC 25-86%, H^Bo 10-15% and 

vi W 

Kieselguhr 1-57 used for the autothermal coating of graphite 
electrodes with heat and oxidation resistant SiC - filled A1 0 

W 

layer. The contents of the thermite and filler m the initial 
powder are 10-307* and 70-907* respectively. The thermite is 
composed of A1 grains coated with KMnO^ and NaNQ-^ by a wet coating 
process and the filler is composed of SiC grains coated with H^Bo^ 
(flux) and kieselguhr, (desensitizer). The thermite filler 
mixture is sprayed on the sand blasted graphite electrodes 
preheated to 390° thus initiating the exothermic reaction. 

6NaN0 3 + 10 A1 ► 5A1 2°3 + 3N ^ 2 ° * 3N 2 

&KMn0 4 + 14 A1 ► 6Mn +7A1 2 Q 3 + 3K 2 0 

Resulting in the formation of a sintered layer with high oxidation 
resistance at >2000°C. The initial mixture can also be heated and 

sintered in a mov&L for the preparation of heat resistant shape 

bodies. 

Kuluba et al . C3?3 have studied the structural analysis of 

chromium diffusion layers prepared on steel 45 by the alumino 
thermic method. The study includes the chemical and phase 
composition and structure of Cr coating prepared on steel 45 by 
the alumino thermic method at 1500 K during 2h , using a powdered 
mixture containing Al, A1 2 0 3 and Cr^. The coating contained two 
solid solution ck and y and carbide phase The precipitated 

phase consisted of Cr 567, Fe 347* and C 107. The amount of Cr, Fe 
and C in the coating matrix was 13.47, 8.67 and 0.67 respectively. 
At a given diameter of the sample and cooling m air, the coating 
had the martensitic structure with residual austenite. 
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1 . 2 CERMETS 

Cermets in the original meaning of the word are composite 
materials that combine the wear resistance and hardness of the 
ceramic component with the toughness of the ductile binder metals* 
Cermet materials containing a ceramic matrix with dispersed 
metallic particles or metallic fibers are generally mechanically. 
Stronger than pure ceramic bodies. Ductility, fracture strength, 
impact strength, tensile strength and flexural strength are often 
enhanced . 

Several attempts have ben made to define C393 cermets. The 
ASTM committee C-21 has suggested the acceptable following 
definition : 'A heterogeneous combination of metal (s) or alloy(s) 
with one or more ceramic phases. In fact cermets are a very broad 
class of materials including for instance oxide-metal, 
carbide-metal, nitride-metal, boride metal, sintered systems and 
even non-metal lie compounds - SiC, Si^N^ , BN, B^C — metal systems. 
1.3 HISTORY OF CUTTING TOOL 

The young history of cutting tool reflects the continuing 
quest towards the ideal, both harder and toughest material - our 
20th century challenge correspond ing to the old alchemist's dream 
of lead transmutation into gold, the philosopher's stone. We know 
now that the stone cannot exist and that hardness and toughness 
are antagonistic properties. The materials engineer is condemned 
to seek a compromise between hardness and toughness and this opens 
up a wide field of in vest igat ion . The history of cutting tools 
can be related in terms of three major families. 

a. Cemented carbides 

b. 


Cermets 
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c. Ceramics and miscellanea 

The first improvement in cutting tools occurred in 1906 with 
the development of high speed steels (HSS). HSS cutting tools 
were harder than the plain carbon steels then in use and could 
operate at the faster rate of 30 m/min. With the birth of 
cemented carbide family in 1923 and after a number of years 
devoted to improvements (1923, 1950), speeds four times the 
operating rate of HSS tools were attained 150 m/min. Today the 
maximum seems to be reached with. a rate of 250 m /min for some 
grades. The most important event since 1923 occurred in 1969 with 
the launching of coated cemented carbides which very rapidly 
allowed to work at a rate of up to 500 - 600 m/min C403. 

It is interesting to note that the cermets family came on the 
scene in 1919-1921 before cemented carbides. A lot of grades have 
since been developed on the basis of carbides, borides and 
nitrides of transition metals with metallic binders mainly iron 
group metals. The ceramics family is quite old the first alumina 
cutting tool appeared in 1930. However, the growth of ceramic 
tools, mainly based on Al^O^, remained very low until the new era 
which dawned in the early 1980's and is still unfolding. This is 
the era of silicon nitride based ceramics. The tools can operate 
at a speed more than 5 times than that of cemented carbides 
QOOm/min and even 2000 m/min and are not made from strategic 
materials as are most carbide tools. 

Synthetic diamonds were synthesized in the mid 1950's and 
their development dates from 1980. Diamond tools can be used at 
twice the speed of cemented carbides - 300 m/min. Synthetic cubic 
boron nitride was prepared in the late 1950's and is also being 
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developed since 1980. During the last ten years new material have 
been proposed. 

A1 2°3 " Zr0 2 
A1 2°3 ~ TlN 

whisker 

Si a lan (Si 3 N 4 - Al 2 <3 3 ) 

Syalon (Si.^ - Al^ - Y 2 0 3 ) 

Properties of some important cutting tool materials are given 
in Table 1.1. 


Table 1.1 : Properties of important cutting tool materials 


Cutting tool 
material — » 

HSS 

WC-Co 

A1 2°3 

Si 3 N 4 

Sialon 

CBN 

Property 

i 







Room Temp, 
hardness (HV) 

835 

1500 

1600 

2200 

1800 

>5400 

Hardness at 
550°C 

600 

1000 

750 

1800 

1500 

2700 

Fracture 
toughness 
(MN/m S/Z > 

18 

13 

1.75 

5 

7 

6.3 

T ransverse 
rupture 

strength (MPa> 

4600 

2000 

j 

380 

896 

828 

— 

Thermal 
conductivi ty 
(W/m°C) 

31 

100 

GO 

! 

25 

20-25 

100 

Coefficient of 
thermal 
expansion 
(0-1000°C) 

10xl0 -6 

4.9xl0~ 6 

9x10 6 

3.2xl0~ 6 

3.2xl0~ 6 

4.9xl0“ 6 


1.4 SINTERING ASPECTS ! 


There are many powder metallurgy C413 and ceramics products 
in which a chemical comprised of mixtures of powders of different 
phases or coated particles, or of a phase that undergoes a phase 
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transformation during heat treatment. In some cases, the purpose 
is to form the product phase in-situ, such as a ferrite. For some 
such products, it has been learned that superior properties are 
achieved with pre-reacted powders, and the earlier technique has 
been supplanted by co-prec ipitation, freeze -drying and other 
means to produce greater homogeneity in starting powders. In many 
ceramics a minor component additive is intended to 'activate' the 
densi f icat ion . 

There are several distinct differences that arises for some 
reactive systems. First, the chemical driving force for the 
reaction can be much larger than the driving force from the 
pressure, molecular volume product in hot premixing, which is also 
larger than the driving force in premixture sintering. These are 
compared in Table 1*2. 

Table 1.2 : Comparison of energies in different methods of 


sintering 


Comparison of Energies 


J /Moles 

Chemical R x n 

Ah , = — RTln 10 

chem 

~ 1200 

Hot pressing 

(30 MPa) <Vm> 

~ 75 

Sinter 

2 y Vm/luffl 
sv 

~ 1 


Secondly, the enthalpy changes that occur can be significant 
in reactive system. In the reaction between nitrogen and silicon 
for reaction bonded silicon nitride, the reaction rate must be 
controlled to avert melting of the silicon because of the heat 
released. Conversely, for calcination reactions, the endothermic 
heat of reaction must be provided. 

Thirdly, if a gas *- s involved as a reactant or a product of 
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the reaction, gaseous permeation through the porosity is required 

and many therefore control /affect the kinetics. 

Fourthly, the volume fraction of reactants and products 

change with time in reactive systems. If a solid solution forms 

from two reactants, one of the reactants will disappear. The 

kinetics models for sintering do not include any variable volume 

fraction effects for the condensed phases, although qualitative 

discussions of the sintering of porcelain bodies have made one of 

the equilibrium phase diagrams to analyze the sintering 

temperature effects on the composition and volume fraction of the 

liquids £423. 

Reactive Systems 

A classification of reactive systems is fiber in Table 1.3. 
Table 1.3 t Classification of reactive systems 


1 . 

fl l — * A 2 

Crystal lographic phase change - 

effect 

Hed val 1 

2. 

A+B — 

Solid solution 


3. 

A+ B * — 

Solid solution 


4. 

A+B — »ot+Liquid 

Liquid phase sintering 


5. 

A+B — ► A B 

x y 

Compound formation 


6. 

A^Liquid — ► A 2 

+ L iquid (/? — ►ot Si^N^wi th liquid) 


7. 

A . . +B . . - > 

(s ) ( 1 lq ) 

Dental amalgams (disappearing 

phase sintering) 

liquid 


1*4.1 Mixing Effects s 

One of the first obvious problems that arise for mixed 
particle system is that it may be difficult to achieve the 
homogeneity desired / required. In mixing particles of two 
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components, the best' mixture is based on binary random 
statistics* For spinels and ferrites, it has been shown that order 
of magnitude changes in the sintering and grain growth rate occurs 
as the average composition is changed from sub to hyper 
stoichiometric. Consequently local variations in composition due 
to inadequate mixing can give rise to large local variations in 
the microstructure development C443. 

1 * 4. 2 Kirkendall Effect : 

The most dramatic differences that arise in reactive systems 
do so because of the large inequality in the driving forces. The 
formation of K i rkendal 1 porosity has been invoked for the reaction 
between magnesia and alumina to form spinal, for which the samples 
undergo a decrease in density as the reaction proceeds. 

The other thing is that the pronounced under cutting at the 
neck of the particles reveal that the surface area increased 
rather than decreased during the early stages. This is just 
apposite to that expected and observed for the sintering of single 
phase system. 

Another effect due to chemical transport is that the 
crystalline lattice is strained by solid solution formation, the 
strain may cause spontaneous dislocation generation. 

1.4.3 Grain Size Reduction : 

Another dramatic effect that has been reported in several 
systems is of grain size reduction during interdif f usion m 
reactive systems. This has been observed in the case of barium 
titanate coupled with lanthium - oxide-doped barium titanate 
because of the penetration of the inter diffusion zone by 
ianthana. The one mechanism involves a simple dissolution of 
barium titanate into the liquid with the assumption that one 



micron grain are observed are nucleated and precipitated 
the liquid upon cooling from the sintering temperature. 
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out of 

Another instance of grain size reduction has been observed 
for iron - zinc system C413 . The diffusion induced grain 
boundary migration and the multiple nucleation of alloy particle 
along different grain boundaries cause each grain to be penetrated 
by grain from its neighbours reducing the grain size cor respond ing 
by. Alloy formation lowers the free energy sufficiently to exceed 
the constraint due to grain boundary and curvature, thus driving 
the system to a higher surface area during the chemical reaction/ 
transient . 

1 * 51 STATEMENT OF THE PROBLEM : 

Al^O^r-Fe/Ni composites can be a potential ceramic materials 
for its attractive mechanical properties in terms of hardness, 
transverse rupture strength (TRS) and fracture tonghness. The 
development of cutting tool is being persuaded today at a great 
speed because of the possibility of using them in many 
application, where they can replace the conventional cutting tool 
material . 

So far considerable amount of work has been done on A1^0 T as 
a cutting tool material for its high hardness, transverse rupture 
strength (TRS) and toughness. No attention has been drawn on the 
possibility of manufacturing totransition metal based alumina 
composites using inherent process of thermite reaction. The 
thermite reaction is very well known in the area of coating and 
alloying. However its use in making composites suffers from two 
major debacles firstly, the high exothermic heat containment and 
secondly the dispersion of low density oxides in the metal matrix. 
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The excessive exothermic heat has encountered in the thermite 
application melts the metallic phase completely and leads to 
complete separation of oxide phase due to glaring density 
differences. This situation is contrad ic tory to make homogeneous 
dispersion of ceramic phase into metal matrix. Attempts 
therefore, have been made in the present investigation to get rid 
of the above two major d 1 f f lcul t ies . We have tried to evolve 
methods for heat containment by adding metallic phases in place of 
stoichiometric thermite composition to such an extent that 
exothermic heat is just sufficient to start sintering activity and 
hold alumina particles generated due to transition metal reduction 
in the matrix without excessive seggregat ion . The exothermic 
thermite reaction is shown here. 


$ A 1 + ' Fe 2 °3 * ? A 1 2°3 + ^ Fe * Q 

Thermo reactive hot pressing C 44 3 , is also of great interest 
for making the product. This reactive hot presing has also been 
studied by A.C.D. Chakladar and M. N. Shetty £453. The process 
has the advantage over the classical hot pressing, in that the 
driving force for the reaction can also aid densif icat ion of the 
material. Th chemical reaction commonly involves material 

transport which also has a tendency to accelerate the 
densif ication. Due to the extra driving force, it is often 
possible to sinter materials at temperature lower than that 
required for normal powder processing. Thermo reactive hot 

presing can be particularly advantageous when processing materials 
which are otherwise difficult to sinter due to low diffusion 
rates . 

In the present investigation powders of Fe 2 °3’ A1 ’ and 

Fe 0 . Al. Ni and Cr were taken to synthesize the sample. The 

evaluation of the products were planned mainly in the 
mechanical properties and magnetic properties. 


area of 
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CHAPTER 2 

EXPERIMENTAL PROCEDURE 

Abstract t This chapter discusses the chemicals used in the 
preparing the composites, preparation of the composites, sample 
polishing, sample preparation for mechanical and magnetic testing. 

2. 1 CHEMICALS : 

1. Iron oxide red powder (Fe„0^) 

A- W 

Source : LOBA CHEMIC, BOMBAY 

Type Analysis Molecular weight 159.69 

Minimum assay 98.5% 

Maximum level of impurities : 

Loss on ignition 0.6*/. 

Water soluble matter 0.6V. 

Other insolubles 0.2% 

2. Aluminium metal powder (Al) 

Source s SISCO RESEARCH LABORATORIES PVT LTD. 

Fineness 325 mesh 

Minimum assay 99*/. 

3. Nickel powder (Ni) 

Source : SISCO RESEARCH LABORATORIES PVT. LTD. 

Fineness 100 mesh 

Analysis : 

Minimum assay 99.5'/. 

Cobalt Maximum 0.005*/. 

Iron (Fe) maximum 0.10'/. 

4. Chromium powder (Cr) 

Source : SISCO RESEARCH LABORATORIES PVT. LTD. 


Minimum assay 


99’/. 



24 


2.2 PREPARATION OF THE PELLETS : 

The preparation of the pellets involve the following steps, 
viz. Milling, hot pressing, polishing. 

2.2.1 Milling : 

The powders of Fe^O^’ » ^ e 2^3’ anc * ^ e 2^3’ ’ ^ 1 * 

were milled (grinding and milling) m a rod mill using steel rods. 
Acetone was used as a grinding medium. The milling was done for 
12 hours. The slurry was dried at 70° for 3—4 hours in an oven. 

2. 2. 2 Hot Pressing : 

Both pressing and sintering were done simultaneously in a hot 
press (Dr. Fritsch K.G., Germany) in oxidizing (here, air). 

The specification of the hot pressed used is given below: 


Table 2.1 : Specification for Hot Press 


Maker 


Dr. Fritsch K.G., Germany 

Temperature 


1200°C 

Atmosphere 


Oxidizing 

Pressure 


1 ton 

Thermocouple 


Chromel vs. Alumel 

Dia of the pressing rod 


75 mm 


The samples were pressed in the graphite dies at a pressure 


of 116 MPa. 

Table 2. 2 s Specification of the Graphite Die Punch and Sample 

Graphite Die 


Inner dia 

• 

* 

10 mm 

Length 

• 

15 mm 

Punch dia 

m 

% 

9.8 mm 

Punch length 

• 

% 

20 mm 

Sample 



Sample dia 

% 

10 mm 

Sample thickness 

% 

5 mm 


The sintering temperature was 850°C and the soaking time was 


was maintained on the sample till it 


10 minutes. 


The pressure 
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cools down to room tempe nature « 

2. 2. 3 Polishing : 

The hot pressed pellets were then ultrasonically cleaned to 
remove any trace of graphite. •then after the samples were 
polished with emery paper of size 0/0, 1/0, 2/0, 3/0, 4/0 and 

finally on the cloth polishing. 

' ‘ } 

2- 3 SAMPLE PREPARATION FOR MECHANICAL TESTING : 

The each sintered pellets were made half by using the diamond 
blade and then after from each circular pellets the rectangular 
samples of sizes 5 mm x 1.5 mm x 2.5 mm were taken out. the 

samples were then polished with emery paper 0/0, 1/0, 2/0, 3/0, 

4/0 and finally with the diamond paste. 

4 SAMPLE PREPARATION FOR MAGNETIC TESTING : 

The rectangular samples of size 2 mm x 1.5 mm x 2.5 mm were 
used for the measurement of Magnetization behaviour and curie 


temperature (Tc ) . 



CHAPTER 3 

CHARACTERIZATION 
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Abstract * The rod milled powders were characterized by 
differential thermal analysis (DTA), particle size analysis. The 
hot pressed pellets phases were evaluated by XRD, crystallite size 
measurement , sintered density, porosity, transverse rupture 
strength (TRS), indentation hardness, magnetization behaviour^ < 7 /^ 
curie temperature «avu£ Wcros+ra^+u^ajL OjyiaJt^iS . 

Each of these methods are presented in this section. 

3.1 DIFFERENTIAL THERMAL ANALYSIS CDTA>: 

Any phase transformation or chemical reaction accompanied by 
absorption or evolution of heat can readily be detected by DTA. 
The specification of DTA - 50 : 


Table 3.1 * Specification of D. T. A. 


Temperature range 
Detector (Thermocouple ) 

Measuring range 

Noise range 
Atmosphere 


Sampl 
Samp 1 


e 

e 


Volume 

form 


Ref e 
Zruc 


rence 

ible 


sample 


Ambient temperature to 1500°C 
Dumbbell type detector (Pt — Pt 
10 V* rhodium) 

±0.2 to ±1000 GV (with minimum 
detection sensitivity of G/N =■ 5) 
0.1 or smaller 
Various gas flow (air, N^* 0 ^ 

etc at a flow rate of 25 to 50 
ml/min) under reduced pressure 
(about 10 Torr) 

About 50 ml 

Substance which is solid or 
liquid at room temperature 
Powdered ot-Al 
Plat inum 


The thermocouples were employed to measure the temperature 


difference of the test sample (Tg ) and reference ( T^ ) sample and 
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hence the temperature difference AT = T g - T R . Platinum crucibles 

were used instead of Al^O^, both test and the reference sample for 

its better thermal conductivity. 

For exothermic reaction to occur AT > 0 i.e., T_ > T 0 i.e. 

S R 

thermal conductivity (Kg) > Thermal conductivity (K R ) and Specific 

heat (C c ) < Specific heat (C ). 

5 r 

For endothermic reaction to occur AT < 0 i.e., T g < T R i.e., 
thermal conductivity (Kg) < Thermal conductivity (K r > and, 
specific heat (Cg) > specific heat (C R ) . 

DTA of the powders containing, Fe^O^, A1 , Fe^O^/Al/Ni and 
Fe^O^/Al i /C r were carried out starting from room temperature to 
1000°C at a heating rate of 10°C/min. For accuracy of the 
measurement of the temperature of the transition the weight of the 
test powder should be less than 200 mg C4£] . 

3.2 PARTICLE SIZE ANALYSIS: 

Particle size analysis was carried out using Coulter counter 
model Zg and B (Coulter Electronics Ltd., Herpender Herts, 
England). particle size analysis was done on the rod milled 
powders for 12 hours. it gives the number of particles falling in 
a particular size range. The method applied was dual threshold. 
The operating condition for the particle size analysis is given in 


Table 3.2. 
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Table 3.2 : Experimental Parameters used in Particle Size Analysis 


Electrolyte 

: NaC 1 

Aperture diameters 

: 50 (jtn 

Manometer volume 

: 0.05 cc 

Calibration factor 

: 1.48 

Dispersant 

i Coulter 

Gain Control 

: 5 

Matching switch 

: 10 


3.3 PHASE ANALYSIS BY XRD s 


Phase analysis of the rod milled powder and the samples were 

carried out by x - ray diffraction technique. 

3. 3. 1 Experimental Procedure t 

X-ray diffraction pattern (29 vs intensity) of the powder 

samples were taken with REICH-SEIFERT ISO— DEOYEFLEY 2002 

DIFRACTQMETER. CuK (X = 1 .5418468) . 

ot 

Experimental parameters are given in Table 3.3. X-ray 

analysis was carried out on the following samples. 

All batches of the Al^-Fe/Ni and Al^-Fe/Ni /Cr hot pressed 

pellets. 

The x-ray diffraction plots of the samples were measured in 
29 range of 20° to 75° for phase detection. the d values of the 
peaks were calculated using Bragg's relation. 

2d Sin 9 = nX 
where «* 

n s: order of reflection 

X .* wave length of radiation 

d « interplanar spacing 

e = diffraction angle 
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By comparing the d— spacings with ASTM standards the phases 


presents were identified 


Table 3. 3 t Condition of operation for X-ray Diffractii 


Current, Voltage 
Time constant 
Beam slit width 
Detector slit width 
Scan speed 
Chart speed 


Curr ents per minute 


20 mA, 30 KV 


10 sec 


2 min 


0.3 mm 


3°/mm 


3 c vn /min 


10 K 


3.4 CRYSTALLITE SIZE MEASUREMENT s 

Crystallite size was measured by using the Schenner C473 

formula - 

0.9X. 
t = B Cos 


where , 


thickness of crystallite in 8 


a factor 


wavelength of X-ray CuK^ 
Braggs reflection angle 


/ 2 _2 
\ - B s 


where , 


B = width of the peak at the half of the peak height in 

li 

radian of the material 

B = Width of the peak at the half of the peak height in 

S 

radian of the standard sample (here, silicon) 

3.S SINTERED DENSITY MEASUREMENT : 

The ultrasonically cleaned samples were dried in an oven at 
n .o n . Th . mpinht sf&o f the samoles were taken bv 
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using an digital electronic balance. The samples were suspended 
in a distilled water bath and the whole system was kept m vacuum 
by using rotary pump for about one hour. Repeated checkings were 
made whether any bubbles were coming from the bottoms on the 
surface. The weight of the suspended sampl es were taken while 
suspended in water (S). Immediately after, the specimens were 
removed from water, blotted lightly with a tissue paper and 
weighed in air (Ul). The sintered density was calculated from the 


following formulae C483. 

Sintered density (pg> = 
3.6 POROSITY MEASUREMENT s 



The apparent porosities of the samples were measured by using 


the formulae 


Apparent porosity 


W - D 
W - S 


Here during this measurement the weight of the suspending wire 
will have to be taken into account, otherwise it will lead to 


erroneous result. 

3.7 MEASUREMENT OFTRANSVERSE RUPTURE STRENGTH CTRS> * 

The TRS samples were measured by using three point bending 
test. The samples of each composition were cut with a diamond 
blade of thickness 0.4 mm. the size 0 f the samples were 
approximately 6 mm x 2.5 mm x 1.5 mm. all sides of samples were 
polished with emery paper 0/0, 1/0, 2/0, 3/0 and 4/0 and finally 
the diamond polishing were done. TRS of all samples were measured 
using an Instron 1195 system. The cross head speed was 0.1 
mm/mm, the chart speed was 20 mm/min and the full scale load was 


20 kg. 

TRS was calculated by using the following formulae C493 
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TRS = 1.5 PL/bh 

where , 

p = breaking load in kg 

L = span in mm 

b = width of the specimen in mm 

h = depth of the specimen in mm 

3.8 INDENTATION HARDNESS MEASUREMENT : 

The hardness of the hot pressed compacts were measured by 
diamond indentation method in the MTS 555 using a load of 20 kg. 
About five indentations were taken on each polished specimen and 
the average values of the diagonals were taken into account. 
Hardness were calculated by using the formulae C503. 


Hardness = 


2P Sin <J> 


1 .854P 


wh ere 

p 

L 

O 1 


applied load, kg 

average length of diagonals, in mm 

Angle between opposite faces of diamond = 136° 


3.9 MAGNETIZATION BEHAVIOUR : 

The samples of size <3 mm were taken for the measurement of 
magnetic moment. The samples were measured in the model 155 
magnetometer. Magnetic field is increased from 0.017 KOE and the 
change in the magnetic moments were observed with the continuous 
increase of the field, the magnetic moment increases. 

But it increased to a certain value after that no further 

increments were observed even highest magnetic field (1.47 KOE). 

, .Hf 3 i nor j at that value was saturation 
the magnetic moment obtained at tnar 

/m v The maonetic field was decreased gradually 
magnetization <M > . >he magnetic 

O' 


and at the point where 


the field became zero but the material 
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still had some _ 

magnetic moment* That point was termed as 


the 


remnant magnetic moment (M ). 

r 

e r ma 9 n e t ic field [513 was reversed i.e 

field was applied in the negative direction. The point was 

here the magnetization was zero i.e., to demagnetize the 
field strength (H^_ ) was required which was the coercive 
force or coercive f.eld of the materiel. Increasing the field 

f n the negative direction again produced a maximum 

induction, but in the opposite direction. The reversal of the 
field n carried till the saturation magnetization (M^) . The 
closed path so obtained was termed as a hysteresis loop. Its area 
was an index of the energy loss in a complete cycle of 
magnetization. 


3 - 10 MEASUREMENT of curie temperature CT ): 

c 

The magnetization of f erromagnet ic material depends on the 
temperature. As the temperature increases the magnetization 
decreases. Slowly at first and then rapidly until a critical 
temperature <T c > known as the Curie temperature is reached at 
which the material is initially non magnetic. This is due to the 
greater thermal agitation in the lattice at higher temperature 
tending to break the alignment of atomic magnetic moments. Above 
the curie temperature the material behaves simply as a 
paramagnetic material. The Curie temperature has the 

characteristics value for each magnetic material which is given in 
the Table 3.4 for related material. 
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Table 3. 4 i 

Curie Point of Ferromagnetic Materials 

Metal 

Curie Point (T ) 


c 


<K> 

I ron 

1043 

Nickel 

627.2 


A low field 0.15 (KOE) was applied to the specimens and the 
materials were kept inside the furnace. 

The temperature of the furnace was increased and the magnetic 
moment values were found to be decreased with increasing 
temperature and with this raw data derivative magnetic moment vs. 
temperature were platted. At the point of inflection the slope of 
the curve became zero was noted as the curie temperature of the 
mater i als . 

3.11 MTCROSTRUCTURAL ANALYSIS : 

The microstructural analysis of hot pressed Al^o-j-Fe/Ni and 

A1 0_-Fe/Ni/Cr composites containing 5, 10, 12.5, 15, 17.5, 20 vol 

2 , 3 

*/, Nickel, 15 vol*/. Ni + 2 wtV. <x - Al^, (15 Ni + 5 Cr) volX and 
<5Ni + 10 Cr) Vol % were done to observe the dispersion of Al^O^ 
in the metal matrix. 

The microstructure of these samples were carried out by a 
JEOL Scanning Electron Microscope (JSM 840 A, Japan). Only 
f ractograph ic studies were carried out in this present 
investigation. The photographs were taken in secondary electron 
image mode (SE) at 5000, 8000, 10000 and 15000 magnification 

respecti vely . 
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CHAPTER 4- 

RESULT AND DISCUSSION 

Abstract : This chapter mainly presents the results obtained for 

the particle size analysis of the rod milled powder, differential 
thermal analysis (DTA) of the powders. The results obtained for 
the hot pressed compacts are analysed in terms of sintered 
density, porosity, X-ray diffraction studies ( XRD ) , crystallite 
sizes, indentation hardness, f ractography , transverse rupture 
strength (TRS). The magnetic properties are considered by 
magnetization behaviour and curie temperature. 

4. i PARTICLE SIZE ANALYSIS OF THE ROD MILLED POWDER: 

Milling of the initial powders are carried out in the rod 
mill to reduce the particle size for higher densif ication because 
fine particle has a higher surface area and hence the higher 
driving force for sintering. The results of average particle size 
which is obtained by linear interpolation method is shown in the 
Table 4.1. 

4.2 DIFFERENTIAL THERMAL ANALYSIS CDTA> : 

The merit of the DTA curve is that all energy changes 
occurring in the sample in term of exothermic and endothermic, 
peaks. The position and the height of the peak decides the 
temperature at which the process takes place and type (exothermic 
or endothermic) of reaction. The two different substances may 
show approximately the same temperature of reaction, the peak area 
and or shape will be different and although two substances may 
have the same energy of reaction (and hence the peak temperature) 
will be different. Because of this each substance gives a 

characteristics DTA curve which is peculiar to that substance 


C463. 





Temperature , °C 


Fig.4.1 Variation of the D.T.A. peaks with vol */. 
additive in powder composition . 
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Table 4.1 : Variation of Average Particle Sizes, DTA peaks with 


volume JC additive powder composition 


Compos i t ion 
(VolV. ) 

Avg . Particle 
size 

Exothermic 
reac t ion 

T emp . 

(°C> 

Endothe rmic 
reac t ion 

Temp . 

<°C> 

Fe 2°3 

Al 

Hi 

Cr 

(^m > 

60.38 

39.60 

- 


2.53 

878, 12 

695.95 

60.38 

34.60 

5 

- 

2.01 

909.35 

669.19 

60.38 

29.60 

10 

- 

2.53 

887.11 

680.63 

60 « 38 

27.12 

12.5 


2.53 

894.20 

636 . 06 

60.38 

24.60 

15 

- 

1.59 

875 . 80 

724.05 

60.38 

22.12 

17.5 

- 

: 2.53 

882.81 

683 . 36 

60.38 

19.60 

20 

i 

1.89 

893.55 

639.87 

60.38 

19.60 

15 

5 

1.24 

891.16 

664.06 

60.38 

24.60 

5 

10 

1.52 

883.87 

665.57 

#60 • 38 

24.60 

15 

- 

1.52 

890.11 

686.21 


* 2 wt'/i or-Al^O^ has also been added 

The exothermic peaks for all the powders are observed to be 
within 870°C to 910°C. It has been observed that with the 
increasing addition of Ni the exothermic reaction peaks 

temperature decreases at 5, 10, 15 volV Ni respectively. But 

there is a slight increase of exothermic reaction temperature at 
12.5, 17.5 and 20 volV. Ni as shown in the Table 4.1. The 
variation of DTA peaks with volV additive in powder composition is 
shown in the figure 4.1. With the addition of Cr the exothermic 
peaks are observed at 891 . 16°C and 883.87 C. The addition of 2 

WtV <x-Al o 0_ with 15 vo 17. Ni powder shows the exothermic reaction 

At <w f 

temperature at 890.11°C. The addition of Cr and A^O^ causes 
sudden increase in reaction temperature. It is felt that the 
reaction involves the molten A 1 with Fe^Q^ an d metal powders (Ni , 
Cr) including A1„0 X . The endothermic peaks are observed for 

w O O 

different composition which are varied between 664 C to 724.95 C 
confirm the solid to liquid transformation of Al. 



Porosity (%) Sintered Density (gm/cm 3 ) 




Fig. 4.2 Effect of Vol % additive on sintered density and 
porosity in AI2O3 -Fe/Ni cermet. 
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4.3 SINTERED DENSITY : 

The density of the msitu pelletized pellets are obtained by 
Archimedes principle. The variation of density of A1^0^-Fe/Ni, 

^ 1 2^3~^ e 1 ^ r com P QS 1 ^ lon with the increasing amount of additive 
(Ni ,Cr) is shown in the figure 4.2. From the figure it is 
observed that the sintered density increases with the increasing 
addition of Ni from 5volY to 12.5 vol*4 . This is expected because 
the higher density of Ni. There is decrease in density at 15 vol'/. 
and 20 volM A1 is replaced by Nickel. The possible reason is the 
formation of Aluminium Nickel (A1 Ni) which does not exist in 

other composition as detected by X-rays. Aluminium Nickel (A1 Ni ) 
has a defect lattice and low density. It changes the lattice 
parameter according to the A1 and Ni vol*/,. 

It is observed from the graph that there is an increase of 
sintered density with the composition of Fe 2 0 3 ~60.38 v'/., A1 19.6 
v*/., Ni-15 v*/. and Cr-5 v*/., Fe 2 0 3 ~60.38 v’/. Al-24.6 v*/. Ni-15 v*/. and 

A1-0-. 2 wt’/.. The possible reason for it the absence of any low 

Z 3 

density phase as confirmed by X-ray analysis. 

4. 4 POROSITY 

The results of porosities measured are presented in the Fig. 
4.2. It is observed that the initial composition with 5 vol*/. Ni 
additive has the lowest porosity /* 1.4’/,). But with the 

increase of vol’/C Ni the porosity increases and it is almost 
constant *'• 5% to 5.5’/. at 10 vol*/. Ni and 12.5 vol’/. Ni respectively. 
A decrease in the trend of porosity is observed at 15 vol V* Ni and 
17.5 vol*/, Ni . However, the porosity further increases at 20 vol’/, 
Ni. The possible reason for the increase of porosity in the 

compositions containing 10, 12.5, 20 vol*/, Ni additive is the 

segg regat ion . 

With the addition of Cr and ct-Al 2 0 3 in the 15 vol’/. Ni, Cr in 
5 vol*/. Ni a decrease in porosity is observed possibly the Cr and 

«-Ai_Q_ promoted densi f icat ion by decreasing the amount of open 

2 3 


pore . 
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4.5 X-RAY DIFFRACTION STUDIES CXRD> 

Different phases are detected by X-ray diffractions methods. 
The diffraction peaks are changed with the change in composition. 
It is observed that some diffraction peaks are present at certain 
composition but it is absent in another composition. The phases 
which are present in different compositions are given in the Table 
4.2. The phases are used in interpreting these results in the 
next sections. The variation of XRD pattern with vol*/* additive m 
Al^O- - Fe/Ni sermet is shown m the Fig. 4.3. 

4.8 CRYSTALLITE SIZE s 

The crystallite sizes are measured from X-ray peak broadening 
by Schemer formula C473. Very fine crystallite sizes (70$ to 
180$) are observed. These peak broadening is mainly due to fine 
crystallite sizes. The value of the crystallite sizes are given 
in the Table 4.2. 

4.7 INDENTATION HARDNESS t 

Hardness vs. vol*/ additive is given in the figure 4.5. It is 
observed from the figure that hardness values varies between 2.5 
GPa to 6.3 GPa. The maximum value of hardness is observed at 12.5 
volX Ni of 6.Z GPa. With the increasing addition of Ni the 
hardness values increase upto 12.5 vol*/. Ni . Then after the 

hardness value is decreased at 15 and 17.5 vol*/ Ni. However, 

further enhancement in hardness is observed at 20 vol*/ Ni . From 
the X-ray data (Table 4.2) it is detected that ot — anc * solid 

solution (Fe,Ni) Fe^O^ phases are formed when the vol*/ Ni is upto 
12.5 and only a — Al^O^ ^ or,nec l 20 vol'/. Ni. It is clear that 

the presence of ot -Al^O^ is responsible for the enhancement in 
hardness though the solid solution of (Fe,Ni) Fe^O^ has further 
effect on hardness. Addition of higher amount of Ni in the case 
of 15 volV. Ni and 17.5 vol'/. Ni retard the formation of solid 
solution phase. The effect of additive volume V. on hardness and 

TRS in A1„0_ - Fe/Ni sermet is shown in figure 4.5. 

2 3 
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Table 4* 2t Identification of and measurement of' 


crystallite sizes by XRD with volX additive in 

Al^O -Fe/Ni cermet* 

£2 3 


Compos i t ion 
(VolV.) 

Phases 

-- CPossi 

Inter- 
p 1 anar 
spacing 
(d ) 

<8> 

In tens i ty 
I/I 

o 

Plane 
(hkl ) 

Crys t < 
size 

(£: 

Fe 2°3 

A1 

Nx 

■ 


60.38 

39.60 

- 

- 

Fe O°T 

2.7 

100 

(104) 

98 . 6 





a-AL0 t 

2.085 

100 

(113) 

318. S 





aFe 

2.03 j 

100 

(110) 

— 





ofe 

1.17 

20 

(200) 


60.38 

34.60 

5 

- 

Ni 2°3 

2.80 

100 

(002) j 

- 





a-Fe 

2.03 

100 

(110) 






(Ni ,Fe )Fe 2 0 4 

2.52 

100 

(311 ) 


i 


i 


^-Fe 2 Q T 

2.46 

100 

- 

81.0^ 





Al^ Fe^ 

2.05 

100 

(130) 

— 





ot-Al 2 0^ 

2.085 

100 

(113) 

120.: 

t 





Ni 

1.76 

42 

(200) 

} , 





otr-F e 

1 . 17 

20 

(200) 

- 

60.38 

29.60 

10 

- 

Ni 2°3 

2.80 

100 

(002) 

- 





(Ni ,Fe)Fe 2 0 4 

2.52 

100 

(311 ) 

- 





tf - Fe 2°3 

2.46 

100 

- 

174 * 





«-Al 2 0 3 

2.085 

100 

(113) 

88. 





Ni 

1.76 

42 

(200) 

- 

<S0 * 26 

27.12 

12.5 

- 

Ni 2°3 

2.80 

100 

(002) 






Fe Fe 2 0 4 

2.6 

100 

(f02) 

- 





(Ni ,Fe )Fe 7 0 4 

2.52 

100 

(311 ) 

67. 





r-Ai 2 ° 3 

1 .98 

100 

(400) 

*79: 





^” Fe 2°3 

1.43 

100 

- 

- 



























42 


Table 4.2 CConttd. ) 


Compos i t ion 
( Vol y« ) 

Phases 

Inter- 

planar 

Intensity 

I/I 


Crys 

size 

Fe 2°3 

A 1 

N l 

■ 

(possibZa} 

spac ing 
(d) 

(S> 

o 


(< 

60.38 

24.60 

15 

- 

Nl 2°3 

2.80 

100 

(002) 






*~ Fe 2 °3 

2.46 

100 

- 

117 





A1 5 Fe 2 

2.05 

100 

(130) 






A lNi 

2.02 

100 

(110) 




i 

i 


ot~F e 

2.03 

100 

(110) 


! 




Ni 

1.76 

42 

(200) 

- 

60.38 

22.12 

17.5 

- 

Fe Fe 2°4 

i 

2.60 

i 

i 

100 

(102) 

94, 



! 


A1 5 Fe 2 

2.05 

100 

(130) 

- 





FeNi 

1.87 

100 

- 






-- Fe 2°3 

1.43 

100 

— 


60.38 

19.60 

20 

- 

• e " F *2°3 

2.46 

lOO 

- 

104 





AINi 

2.02 

100 

(110) 






ot-Al-O^. 

jC O 

2.085 

100 

(113) 

79 





Ni 

1.76 

42 

(200) 

► 





A1 5 Fe 2 

2.05 

100 

(130) 

! : 

60.38 

19.60 

Hj 

5 

FeFe 2 0 4 

2.60 

100 

(102) 

94 





A1 Fe 3 C 0.5 

2. 177 

100 

(111 ) 






A1 8 Cr 5 

2.146 

100 

(303) 




■ 


F e 

1 .84 

100 

(101 ) 

i 


Cont td 
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Table 4.2 CConttd. 5 


Compos 1 1 xon 
(Vo IV.) 

Phases 

Inter- 
planar 
spac ing 
(d ) 

(&) 

In t ensi ty 
I/I 

o 


Cryst 

size 

<£ 

Fe 2°3 

A 1 

N l 


(Po£s>ibl$J 

60.38 

24.60 

5 

10 

Cr 3°e 

3.80 

100 

- 

- 





Nl 2°3 

2.80 

100 

(002) 

- 




: 

1 

(Ni > Fe)Fe 2 0 4! 

2.52 

100 

<311 ) j 

96.7 

i 

! 

I 




A1Fe 3 C 0.5 

2.177 

100 

j (111) 






A1 8 Cr 5 

2.146 

100 

! <303) 

- 





c.-A1 2 Q 3 

2.085 

100 

<113) 

74.4 

*60 . 38 


■■ 

- 

Ni 2°3 

2.80 

100 

<002) 

- 





f. 2 o 3 

2.46 

100 

- 

134 J 





ot-Al 2 0 T 

2.085 

100 

(113) 

120. 





ot-Fe 

2.03 

100 

<110) 

- 



j/jj 


Ni 

1.76 

42 

<200) 

- 


2 wt*X « - Al o 0^. has also been added. 

* * W. / p . 

i i 

Formula V* volume fraction = x 100 


W 


2 w i /p i 


% wt fraction = ~ x 100 

i u i 

where, UL = wt of ith species 

p ^ = density of ith species 

The addition of 5 voi% Cr with 15 vol% Ni, 10 volV* Cr with 5 

vol7« Ni do not improve the hardness to a considerable extent. The 

possible cause is the formation of Aluminium iron carbide 

< AlFe^n ) . The carbon has diffused from the graphite die during 
3 0.5 
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hot pressing at high temperature. The addition of 2 wt% ot~~ Al o 0 T 

s-J 

with 15 volV* Ni also does not show any improvement in the 
hardness. This is due to the absence of solid solution (Fe, Ni ) 
Fe^O^ phase as it is detected by X-rays. The hardness and TRS 
values are given in the Table 4.3. 

4. 8 FRACTOGRAPHY : 

The figure 4.4 show the fractured surfaces of with volY* 
additive in A1 0 - Fe/Ni cermets. Uniform grains are observed 

JL 

in all the composition except when the vol '/* Ni are 12.5 and 17.5 
respectively. The non-uniformity in the grain size distribution 
in these composition due to the absence of free Nickel. Nickel 

retards the grain boundary mobility and produces the uniform grain 
size distribution. At 15 vol*/« Ni the most uniform microstructure 
(Fig. 4 . 4d ) is observed. From the figures it is observed that the 
fracture is semi brittle and semi ductile type C523. These 
m ic ros t rue tures have also been used in £ ^explaining Transverse 
Rupture Strength (TRS) variation in the next section. 




r , #9 

| 1 | - m _ M j mv 

I 


pT; ! 

1465 28KU Si 

BM lf-'m WD18 I 



fPe 

__ 1 

0466 20 KU S 

SS 1 Mm WD19J 




SET 1 0 
0488 


15 VO IV. Ni e 


15 v o 1 '/. N x 
•* 5 v o 1 V. Cr 
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1 a h 1 e* 4.3 : Var iation of hardness and TRS with vol % additive in 

A1 O -Fc/'Ni r er met 
r! 3 


Compos i t l on 
(Vo IV. ) 


Sintering 

T emp . 

Soak l ng 

1 1 me 

Ha rdness 

TRS 

Fe n O, 

+L ^1/ 

A 1 

Mi 

Cr 

<°C) 

(nun) 

(GPa ) 

(MPa ) 

60.38 

39.60 



Could not 
sintered 

due to 

e xcess 

e xothe rmic 

heat 




60,38 

34.60 

5 

- 

850 

10 

4.010.5 

1 

18214 

60.38 

29.60 

10 


850 

10 

4.610.3 

18713 

60.38 

27.12 

' 12.5 

- 

850 

10 

6.310.5 

10617 

| 

60.38 

24.60 

15 


850 

10 

3.9810. 1 

! 18215 

60.38 

22. 12 

17.5 


850 

10 

2 . 5 10 . 1 

88110 

60.38 

19.60 

20 

- 

850 

10 

5.710.2 

19117 

60.38 

19.60 

15 

5 

850 

10 

4.810.4 

87110 

60.38 

24.60 

5 

10 

850 

10 

4.010.6 

9113 

*60 . 38 

24.60 

15 

- 

850 

10 

3.810.1 

14515 


* 2wtV. a-Al 0 T has also been added into it* 

2 - ~uc 



T.R.S. (MPa) Hardness (GPa) 




Fig. 4.5 Effect of Vol *4 additive on hardness and T.R.S 
AljOj-Fe/Ni cermet. 
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4.9 TRANSVERSE RUPTURE STRENGTH CTR S> : 

The samples containing 5, 10, 15, 20 vol/C Ni showing similar 

TRS values in Fig, 4.5. These samples exhibit micros tructure of 
uniform gram size as shown in the Figure 4.5. However m 

contrast the samples containing 12.5 and 17.5 vol*/« Ni exhibit 
exaggerated grain growth. The decrease in strength m the 12.5 
and 17.5 valtt Ni can be explained by Hall and Petch equation C503. 
= o. + kD 

0 l 

where 

= yield stress 

o\ = friction stress representing the overall resistance of 

the crystal lattice 

k = 'locking parameter' which measures the relative 

hardening contribution of the grain boundaries 
D = grain diameters 

Thus the increase in grain diameter leads to decrease in the 
failure strength of the material. The enhance grain growth occurs 
in the two composition due to the absence of free Ni . The 
presence of Ni hinders the gram boundary mobility and produces 
the uniform microst rue ture . 

At 5 vol% Ni with 10 voltt Cr the TRS values are lowered 
compared to other composition which is shown in the Table 4.3. 
This is possibly due to the formation of a brittle AlFe^C^ ^ phase 
as detected by X-rays (Table 4.2). At 15 voltt Ni with 2 wt % o t- 
A1_0- the improvement in the TRS value is observed possibly due to 
the presence of free Fe and Ni which retard the grain boundary 
movement and produces the uniform microstructure as detected in 
SEM. 
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4.10 MAGNETIZATION BEHAVIOUR s 

4*10*1 Saturation Magnetization C M^) s 

All the results given in the Table 4*4 shows that the 
saturation magnetization for samples occur at reasonably large 
field (7.9 Koe to 11 Koe ) • This is possibly due to the high 
demagnetizing factors for small specimens. It is observed from 
the figure 4*6 that there is a increase in saturation 
magnetization with the increase of Ni except for the 25*856 wt% Ni 

and 22*21 wtY* Ni* The increase in saturation magnetization M Q 

3 ^ 

<e*m*u*/cm ) possibly due to the addition of Ni * Nickel increases 

the average magnetic moment of the alloy because magnetic moment 

of Ni / (m = 0.6 fjB) C531. At 22.21 wt% Ni and 25,85 wt7< Ni a 

decrease in the magnetic moment is observed possibly due to the 

inhomogeneity in the hot pressed material. 

The addition of 6*672 wttf Cr with 24.77 wtY« Ni and 15.60 wttt 
Cr with 8*78 wtY Ni decreases the saturation magnetization (M^ ) . 
Addition of Cr to the Fe^Q^-Al-Ni system induces the formation of 
inhomogeneous inclusion with nonuniform distribution with respect 
to their shape and size* This inclusion causes either the 

formation of magnetic poles or a stressed domain structure and 
thus reduces the value of The other possible reason is that 

Cr does not itself contribute to the ferro or f err imagnet ic 
moment* Therefore the value is deceased proportionately . 

4*10.2 Remanent Magnetization CM^I : 

It is the value of the residual magnetization by the 
withdrawal of the magnetic field. It is observed from the figure 
4.6 that the remanent magnetization decreases with the increasing 
amount of Ni upto 18.338 wtV* Ni and then after it remains almost 
constant upto 32*522 wtY* Ni . 





Fig. 4.6 Variation of Ms and Mr with Vol % additive in 
Al 2 C> 3 -Fe/Ni cermet. 




Fig.4.7 Variation of coercivity and curie temperature with 
Vol % additive in Al 203 -Fe/Ni cermet 
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There is no change in remanent magnetization at the 
composition 24.77 wtV* Ni with 6.672 wtV. Cr. But there is slight 
increase in the value at the composition 8.78 wt*/* Ni with 15.60 
wtV* Cr possibly some homogen i zat ion in the microst ructure . 


Table 4.4 i Variation of Magnetization behaviour and curie 
temperature with vol% additive in Fe/Ni cermet 


Composition 

(wt*/.) 

Saturat ion 
Magne t i- 

Remanent 

Magneti- 

zation 

<M ) 
r 

emu/cm^ 

Coe rc iv i ty 
<H C > 

0e 

Curie 
Temp . 

K 

Fe 2°3 

A1 

Ni 

Cr 

zat ion 

(M ) 
s 

emu/cm 

74.73 

25.26 

— 

— 

- 

- 

- 

- 

69.64 

20.56 

9.79 

- 

175.17 

6.29 

25 

930 

65.19 

16.47 

18.33 

- 

232 . 48 

5.48 

36 

930 

63. 16 

14.61 

22.21 

- 

120.46 

2.93 

37 

860 

61.28 

12.86 

25.85 

- 

-90 .18 

2.56 

39 

830 

59.48 

11.22 

29.28 

- 

272.29 

2.19 

41 

820 

57.80 

9.66 

32.52 

- 

227.28 

2.31 

44 

750 

58.72 

9.82 

24.77 

6*67 

38.96 

2.26 

64 

820 

62 • 48 

13.11 

8.78 

15*60 

102.10 

4.41 

67 

815 

*61.27 

12.86 

i 

i 

25.85 

- 

i 

1 

I 

i 

i 

i 

i 

| 26 

L. 

550 


* 2 wtV« a - A1 2 G 3 has also befn added. 

4.10.3 Coercivity : 


It is the field required to completely demagnetize the 
material, higher the field required to demagnetize, higher is the 
coercivity. The value of coercivity dictates whether the material 
is magnetically soft or hard. It is observed from the figure 4.7 
that the increasing amount of wt'/. Ni increases the coercivity. 



Magnetic Mo 



Fig. 4.8 Effect of vol 7® additive on the (M-H) loop 
in AI 2 O 3 Fe/Ni cermet. 
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The increasing amount of wtV, Ni has hindered the domain wall 
movement and has increased the coercivity. However, with the 
addition Cr the coercivity values are found to be increased. This 
is possibly the formation of AlFe C. . 

W V « D 

The principle of the modern inclusion theory as enunciated by 
Neel C541 and some modification in the above theory has been taken 
up later on in order to account for the non magnetic inclusions 
such as AlFe^C^ ^ in the ferromagnetic matrix. Goodeugh C553 has 
discussed the effect of inclusion or precipitates (causing 
reversal magnetization) on the coercive forces in polycrystalline 
ferro magnetic materials. His prediction indicates that H^. should 
increase with 2/3 power of volume of granular inclusions. For 
laminar precipitates Hj, should increase linearly with the 
precipitate volume. The effect of shape and size of inclusion, 
second phase on H^ has also been considered. This theory nicely 
fits with our experimentally observed coercivity values. With the 
addition of 2 wtX ot-Al^O^ in 25.85 wtV. Ni a decrease in coercivity 
value is observed which is contrary to the modern 'inclusion' 
theory. Further work is required for its correct explanation. 
4.10.4 Hysteresis Curve CM-HU : 

In all the samples it is observed from the Fig. 4.8 that the 
energy losses are very very low and it approaches almost zero. 
The possible reason is the formation of small crystallite sizes, 
as determined by Scherres formula C473 from the XRD data. The 
variation of composition do not any substantial amount of change 
in the nature of hysteresis loop. The materials may find its 
application as a recording head of the tape recorder, transformer 
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core etc . £563 . 

4.11 CURIE TEMPERATURE : 

It is observed from the figure 4.7 that there is no change m 
curie temperature upto 18.338 wt'/ Ni addition. The curie 
temperature is 930K which is close to silicon iron (960K> at this 
composition £573 . With the increasing amount of Nickel the curie 
temperature is found to be decreased. However, there is a dip in 
curie temperature value at 32.52 wtM Ni. The curie temperature is 
found to be 750K at this composition which is close to 78 
permialloy £573. The variations of derivative magnetic moment 
with temperature in A^O^-Fe/Ni cermet is shown in Fig. 4.9. 

The addition of 6.672 wt!4 Cr with 24.77 wt% Ni , 15.70 wt%Cr + 
8.78 wt*/4 Ni do not show any substantial change in the curie 
temperature. The curie temperature is found to be 820K and 815K 
respectively. The addition of 2 wtV. ot - Al^O^ in 25.85 wtV. Ni has 
greatly reduced the curie temperature. This is possibly the 
formation of a new phase. 



59 

CHAPTER 5 

CONCLUSION AND SUGGESTION FOR FUTURE WORK 

Based on the result and discussion the following conclusions 
can be drawn : 

1. It seems possible to prepare A1 0 T - metal composite using 

jC. w 

exotherm reactive hot pressing. 

2. The rod milled powders have a average particle size in the 

i 

range ( 1.24 /zm to 2.53; ( mx \) . 

3. ■ DTA confirms the exothermic reaction and endothermic reaction 

temperature with volume'/, additive in powder composition. 

4. XRD is used for the identification of the phases and also the 
crystallite size with vplumeV. additive in Al^O-j - 1 Fe/Ni cermet. 

5. Variation of sintered density with vol*/« additive is observed 

in A1_0 -Fe/Ni cermet. There is a increase in the sintered 
2 3 

density with the increasing amount of Nickel addition upto 
12.5 vol*/. but at 15 vol*/. and 20 vol*/. Ni there is decrease in 
sintered density possibly the formation of a low density 
defect lattice. Aluminium Nickel (AlNi).Cr addition 
increases the sintered density. 

6. Indentation hardness increases with vol*/. additive upto 12.5 

vol*/, Ni and again at 20 vol*/. Ni but lower values are observed 

at 15 and 17.5 vol*/. Ni. As no solid solutions of <Fe, Ni) 

Fe_0- are observed with the 15 and 17.5 vol% Ni composition. 
2 4 

The additions of Cr do not improve the hardness 2 Wt% ot - 
A1„0_ addition also does not improve the hardness. 

/ w 

7. The samples containing 5, 10, 15, 20 vol% Ni showing similar 
TRS values. These sampCles exhibit microstructure of uniform 
grain size due to the presence of free Nickel. However, in 
contrast the samples containing 12.5 and 17.5 vol% Ni exhibit 
exaggerated grain growth due to absence of free Ni . 
Additions of Cr do not improve the TRS value whereas ot-Al^O^ 
adition shows the improvement in TRS value. 

8. The values of saturation magnetization (M s ) and remnant 
magnetization (M^) are low. The M— H loop area is quite low 
inspite of the variation of compositions in A^Q-j- Fe/Ni 


cerme t . 
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9. Curie temperatures are found to vary with volV* additive in 

cerme t • 

SUGGESTION FOR FUTURE WORK : 

1. The sintering temperature should be increased for the 
reduction of Fe^O^ by Al, in presence of the additives (Ni , 
Cr), to form Al^O^ - metal composites. 

2. The hot pressing pressure should be increased to increase the 
sintered density and to decrease the porosity. The sintered 
density should be close to theoretical density. 

3. The milling of powders should be uniform for better 

homogen i zat ion . 

4. The additives (Ni f Cr) should cover the oxide particles and 
the Al particles properly. 

5. Soaking time should be increased and the temperature at the 
sintering temperature should be properly controlled. 

6. From the XRD data, lattice parameters of each set of 
compositions should be traced out and the theoretical density 
of the sintered pellets should be found out. 

7. Proper choice of etchant should be made to observe the 

polished surface under SEM. 

8. EDAX for each set of compositions should be done to obtain 
the distribution of each phases in the sintered pellets. 
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